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STRUCTURAL DYNAMICS DIVISION

RESEARCH AND TECHNOLOGY ACCOMPLISHMENTS FOR F.Y. 1993

AND PLANS FOR F.Y. 1994

SUMMARY

The purpose of this paper is to present the Structural Dynamics Division's research
accomplishments for F.Y. 1993 and research plans for F.Y. 1994. The work under each
branch/office (technical area) is described in terms of highlights of accomplishments
during the past year and plans for the current year as they relate to 5-year plans and the
objectives for each technical area. This information will be useful in program
coordination with other government organizations, universities, and industry in areas of
mutual interest.

ORGANIZATION

The Langley Research Center was organized into directorates in fiscal year 1993
as shown in figure 1. Directorates were subdivided into divisions and offices. The
Structural Dynamics Division of the Structures Directorate consists of four branches as
shown in figure 2. This figure lists the key people in the Division which consists of 72
NASA civil servants and 14 U. S. Army civil servants of the Vehicle Structures
Directorate, U. S. Army Research Laboratory, collocated at the Langley Research
Center. Phone numbers for each organization are given. Each branch represents a
technical area and focused activities under the technical areas are shown in the figure.

The Division conducts analytical and experimental research in four technical
areas to meet technology requirements for advanced aerospace vehicles. The
research thrusts are given in figure 3. The Aeroelasticity Branch (AB), and the
Aeroelastic Analysis and Optimization Branch (AAOB) work in the areas of the
prediction and control of aeroelastic stability and response of aircraft, rotorcraft, space
launch vehicles; and methodology for aerospace vehicle design. The latter's emphasis
is on providing analytical methods to quantify interactions among engineering
disciplines and to exploit this interaction for improved performance. The Landing and
Impact Dynamics Branch (LIDB) conducts research on the crash dynamics of aircraft
structures and on the technology for improving the safety and handling performance of
aircraft during ground operations. The Spacecraft Dynamics Branch (SDB) conducts
research on the prediction and control of the structural dynamic response of complex
space structures.

FUNCTIONAL STATEMENT

The Division conducts analytical and experimental research in the areas of
configuration aeroelasticity, aeroservoelasticity, unsteady aerodynamics, impact and
landing dynamics, spacecraft dynamics, and multidisciplinary design to meet technology
requirements for advanced atmospheric and space flight vehicles. It also develops
analytical and computational methods for predicting and controlling aeroelastic



instabilities, deformations, vibrations, and dynamic response. The Structural Dynamics
Division investigates the interaction of structure with aerodynamics and control systems,
landing dynamics, impact dynamics, and resulting structural response. It evaluates
structural configurations embodying new material systems and/or advanced design
concepts for general application and for specific classes of new aerospace vehicles.
The Division develops methodology for aircraft and spacecraft design using integrated
multidisciplinary methods. A broad spectrum of test facilities to validate analytical and
computational methods and advanced configuration and control concepts are used.
Research techniques to demonstrate safety from aeroelastic instabilities for new
airplanes, helicopters, and space launch vehicles are developed. Test facilities include
the Transonic Dynamics Tunnel, the Helicopter Hover Facility, the Impact Dynamics
Research Facility, the Aircraft Landing Dynamics Facility, the Space Structures
Research Laboratory, and the Structural Dynamics Research Laboratory.

FACILITIES

The Structural Dynamics Division has four major facilities available to support its
research as shown in figure 4.

The Transonic Dynamics Tunnel (TDT) is a maximum Mach 1.2 continuous flow,
variable pressure wind tunnel with a 16-square-foot test section which uses either air or
heavy gas (R-12) as the test medium. The maximum Reynolds number obtainable is
approximately 10 million per foot in heavy gas and 3 million per foot in air. The TDT is a
unique "National" facility that is used almost exclusively for testing of aeroelastic
phenomena. Semi-span, sidewall-mounted models and full-span, sting-mounted or
cable-mounted models are used for aeroelastic studies of fixed wing aircraft. In
addition, the Aeroelastic Rotor Experimental System (ARES) test stand is used in the
tunnel to study the aeroelastic characteristics of rotor systems. The Helicopter Hover
Facility (HHF), located in an adjacent building, is used to set up the ARES test stand in
preparation for entry into the TDT and for rotorcraft studies in hover. The TDT Data
Acquisition System is capable of simultaneous support of tunnel tests, HHF tests and
model checkout in the Calibration Lab. Over the summer of 1993 the TDT was shut

down from normal production operations due to severe pipe vibrations and associated
safety hazards. These problems were solved and the tunnel is now in an operational
status. A study has been underway and is now nearing completion to choose a
replacement heavy gas test medium for the TDT.

The Aircraft Landing Dynamics Facility (ALDF) is capable of testing
various types of landing gear systems at velocities up to 220 knots on a variety of
runway surfaces under many types of simulated weather conditions. The ALDF
consists of a 2800-foot-long rail system, a 2.2 million pound thrust propulsion system, a
test carriage, and an arresting system. Test articles can be subjected to vertical loads
up to 65,000 pounds and sink rates up to 20 feet per second on a variety of runway
surface conditions. The facility provides for testing at speeds and sizes pertinent to
large transport aircraft, fighter aircraft, and the Space Shuttle Orbiter.

The Impact Dynamics Research Facility (IDRF), which was originally used by the
astronauts during the Apollo program for simulation of lunar landings, has been modified
to simulate crashes of full-scale aircraft under controlled conditions. The aircraft are

swung by cables from an A-frame structure which is approximately 400 feet long and
230 feet high. The impact runway can be modified to simulate other ground crash
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environments, such as packed dirt, to meet a specific text requirement. Each aircraft is
suspended by cables from two pivot points 217 feet off the ground and allowed to swing,
pendulum-style, into the ground. The swing cables are separated from the aircraft by
pyrotechnics just prior to impact. Length of the swing cables regulates the aircraft
impact angle from 0 degrees (level) to approximately 60 degrees. Impact velocity can
be varied to approximately 65 mph (governed by the pullback height). Variations of
aircraft pitch, roll, and yaw can be obtained by changes in the aircraft's suspension
harness attached to the swing cables. Onboard instrumentation data are obtained
through an umbilical cable which is hard-wired to the control room at the base of the A-
frame. Photographic data are obtained by onboard, ground-mounted, and A-frame
mounted cameras. Maximum allowable weight of the aircraft is 30,000 Ibs.

Building 1293 facilities are uniquely designed to carry out structures-related
research on spacecraft and aircraft structures, equipment, and materials. Recem
emphasis on testing capability at low frequencies has allowed the characterizing of
spacecraft and high-gain control systems needed to meet pointing requirements. The
heights of the labs allow properly suspended models with reduced effects of gravity and
the sizes allow simultaneous tests of large structures over long periods of time. It offers
controlled environmental conditions including acceleration, thermal radiation, vacuum
and several shaker types for actuation and excitation. All areas are television monitored
and hard-wired to data acquisition and processing equipment. A 256-channel digital
data acquisition and signal processing system is available with on-line test controllers.
A variety of auxiliary data logging and signal processing equipment is also available.

The 16-meter Thermal Vacuum Chamber has a 55-foot diameter cylinder, a 64-
foot-high hemispherical dome peak, a flat floor and a rotation option of a centrifuge arm
or table. The centrifuge is rated at 20,000 Ibs, up to 100g, with a 50,000-force-lb
capacity and a maximum allowable specimen weight of 2,000 Ibs. Access is by two
doors; one 20 x 20 feet. A vacuum of 10 microns Hg can be achieved in 220 minutes.
Temperature gradients of 100-OFare obtained from 250-ft2 of portable radiant heaters
and liquid nitrogen cooled plates.

The Structural Dynamics Research Laboratory is dominated by a 38-foot-high
backstop. Test areas available around this backstop are 15 x 35 x 38 feet high and 12 x
12 x 95 feet high. Access to the entire lab is provided by spiral stairs, ladders, and
platforms.

The Space Structures Research Laboratory (SSRL) is a large open room of 5200-
ft2. There is a work platform 73 feet above the floor with removable decking and a 20 x
30 x 40-foot free-standing gantry for isolated suspension. In one corner there is a
vertical 12 x 12-foot backstop. There is a full environmental control system and many
platforms accessible for viewing and instrumentation. The control room contains a
state-of-the-art data acquisition capability and overlooks the laboratory. The laboratory
houses controls-structures interaction models, including the Controls-Structures
Evolutionary Model, for performing structural dynamics and controls research of space
structures.
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F. Y. 1993 ACCOMPLISHMENTS

Aeroelastic Analysis and Optimization Branch
iPages 25-41 )

The Aeroelastic Analysis and Optimization Branch, (AAOB), (fig. 5) develops
methodology for aircraft design that will provide a means to understand and to quantify
interactions among different engineering disciplines in order to control and exploit these
interactions for improved vehicle performance and increased efficiency of the design
process. Branch members conduct research to accomplish the goals: develop, apply,
and validate through experiments, analytical and computational methods for predicting
steady and unsteady aerodynamic loads and aeroelastic characteristics of flight
vehicles, with emphasis on the transonic speed range; develop design methodology,
including algorithms and strategies for optimization and for sensitivity analysis; develop
and demonstrate methods for controlling aeroelastic instabilities. Wind tunnel tests are
conducted to verify and validate the accuracy of unsteady aerodynamic calculations and
aeroelastic stability predictions. Present activities and plans for the major activity areas
are presented in figure 6.

The Aeroelastic Analysis and Optimization Branch F.Y. 1993 accomplishments
listed below are highlighted in figures 7 through 12.

Aeroelastic Analysis and Validation:
Low-Speed Turbulence Measurements of Air Flow in the Transonic Dynamics
Tunnel

Transonic Shock Oscillation Onset Phenomena Demonstrated Computationally

Control Law Design and Analysis:
Robustness Analysis Methodology for a Multirate Flutter Suppression System
Developed

Rotorcraft Optimization:
- Coupling of Structures to Aerodynamic/Dynamic Optimization Assures Viability of

Rotor Blades

Aircraft Optimization:
- Multidisciplinary Design Optimization Improves Performance for HSCT Study

Configuration
- Dissemination and Applications of the Design Manager's Aid for Intelligent

Decomposition (DeMAID)

Aeroelasticity Branch
(Pages 43-57)

The Aeroelasticity Branch (AB) (fig. 13) conducts research to develop the understanding
of aeroelastic phenomena and prediction capabilities needed to apply new aerodynamic and
structural concepts to future flight vehicles and to determine and solve the aeroelastic problems
of current designs. The AB develops and validates advanced control concepts that employ smart
materials or aerodynamic control surfaces for suppressing aeroelastic response and alleviating
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loads and vibration. It conceives, recommends, and provides technical support for ground
testing, simulations, wind-tunnel tests, and fligh t experiments to validate the methodologies. The
AB evaluates the aeroelastic characteristics of new rotor systems through wind-tunnel tests and
analysis and determines effective means for reducing helicopter vibrations. It generates
mathematical models required to support NASA flight projects and performs studies to verify
theoretical developments involving advanced control concepts. The AB participates in flutter
prevention programs for new vehicles by use of analysis and aeroelastically scaled model tests.
It operates the Transonic Dynamics Tunnel and the Helicopter Hover Facility. The scope of this
work is more explicitly identified in figure 14 which shows the AB 5-year plan.

The Aeroelasticity FY 1993 accomplishments listed below are highlighted in figures 15
through 20.

Wind-Tunnel Tests

- Transonic Aeroelastic Characteristics Determined for Modem Transport Design in TDT
- Flutter Study of Simple Business-Jet Wing Conducted in TDT for Gulfstream

Flutter Characteristics of a Full-Span NASP Model Determined in TDT
TDT Tests Conducted to Evaluate Advanced Rotor Blade Technology

Theoretical Developments
Algorithm Developed for the FAA That Computes Design Gust Loads for Nonlinear
Aircraft

Bending-Twist-Coupled Rotor Blade Improves Tiltrotor Stability

Landino and Impact Dynamics Branch
(Pages 59-71 )

The Landing and Impact Dynamics Branch (fig. 21) operates two major facilities,
the Aircraft Landing Dynamics Facility (ALDF) for experimental studies of aircraft
landing gear systems and components and the Impact Dynamics Research Facility
(IDRF) for experimental investigations of the crash response characteristics of metal
and composite airframe structures. The landing dynamics group is responsible for
research activities aimed at improving the technology needed to assure safe,
economical all-weather ground operations and the development of new landing gear
systems and concepts. The group coordinates in-house research, grant activities,
contract efforts, and joint government-industry programs to achieve the required
technology. The impact dynamics group conducts research to obtain a better
understanding of the response characteristics of composite airframe components
subjected to crash loads and to develop and enhance analytical tools for predicting
these response characteristics and for providing insights into the fundamental physics
associated the structural behavior of these airframe components. In-house research,
grant efforts, and contract activities are utilized to develop structural concepts that
exhibit superior energy absorption characteristics that result in reduced crash loads and
to develop the technology needed to analyze these structural responses. The work of
the Landing and Impact Dynamics Branch is more clearly identified in figure 22 which
shows the 5-year plans for the disciplines in both landing and impact dynamics along
with their expected results.

The Landing and Impact Dynamics Branch F. Y. 1992 accomplishments are
highlighted in figures 23 through 27.

5



Impact Dynamics
- Composite Scaling Studies Provide a variety of Important Spin-Offs
- Energy Absorbing Characteristics of a Composite Fuselage Section Defined
- Improved Safety of Helicopter Fuel Bladders

Landing Dynamics
H46 X 18-20 Bias-Ply and Radial-Belted Tire Characteristics Defined
Effects of Type II De-Icer Fluid on Aircraft Tire Friction Determined in ALDF Tests

SD_cecraft Dynamics Branch
(Pages 72-81 )

The Spacecraft Dynamics (fig. 28) conducts research and focused technology
studies on the dynamics and control of flexible spacecraft. Integrating structure and
control systems in control law design and analysis, performance prediction and control
methods are developed for application to Earth-observing science spacecraft, Space
Station, and commercial spacecraft. Methods are verified and improved through
experiments on research hardware. Advanced test and data analysis methods for
improving the accuracy and speed of ground tests to simulate on-orbit behavior and/or
to verify spacecraft and spacecraft components for flight are also developed. Significant
ongoing emphasis is on the design of interdisciplinary experiments for the on-orbit
dynamic characterization and instrument jitter risk reduction of the EOS family of
spacecraft. On-orbit verification of methods via experiments is a long-term goal and
advanced algorithms for system identification are being developed for that application.
The scope of this work is more explicitly identified in figure 29 which shows the 5-year
plan of the organization's major thrusts and their expected result.

The Spacecraft Dynamics Branch F.Y. 1993 accomplishments listed below are
highlighted in figures 30 through 33.

Controls-Structures Interaction:

- Spacecraft Size Affects Pointing Performance
- Martin Marietta Viscoelastic Damper Strut Testing on the Phase-2 CEM Testbed

Base Research:
- Eigensystem Realization Algorithm (ERA) Meeting NASA and Industry Dynamic

Testing Needs
- State Space Frequency Domain Identification Tools
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PUBLICATIONS

The F. Y. 1993 accomplishments of the Structural Dynamics Division resulted in a
number of publications. The publications are listed below by organization in the
categories of journal publications, formal NASA reports, conference presentations,
contractor reports, technical briefs, and patents.

Division Office

Journal Publications:

1. Sobieszczanski-Sobieski, J.: Optimization by Decomposition. _,IAA Educational
Series, Vol. 150, 1993, pp. 487-515.

Formal NASA Reports:

2. Sobieszczanski-Sobieski, J.: Multidisciplinary Design Optimization: An Emerging
New Engineering Discipline. NASA TM 107761, May 1993, 12 p.

. Wynne, E. C.: Structural Dynamics Division Research and Technology
Accomplishments for F.Y. 1992 and Plans for F.Y. 1993. NASA TM 107713,
January 1993, 227 p.

Conference Presentations:

, Abel, I.: Recent Research and Applications in Structural Dynamics and
Aeroelasticity at the NASA Langley Research Center. Presented at the
International Forum on Aeroelasticity and Structural Dynamics 1993, Strasbourg,
France, May 24-26, 1993. In Proceedings.

. Doggett, R. V. Jr.; Rosser, D. C. Jr.; and Bryant, C. S.: Data Acquisition for
Aeroelastic Testing at the NASA Langley Transonic Dynamics Facility.
Presented at the 39th International Instrumentation Symposium, Albuquerque,
New Mexico, May 2-6, 1993. In Proceedings, pp. 877-887.

o Ricketts, R.; Noll, T.; Whitlow, W.; Huttsell, L.: An Overview of Aeroelasticity
Studies for the National Aerospace Plane. Presented at the
AIAA/ASME/ASCE/AHS/ASC 34th Structures, Structural Dynamics, and
Materials Conference, LaJolla, California, April 1993. AIAA Paper No. 93-1313.
Also published as NASA TM 107728, March 1993, 12 p.

, Sobieszczanski-Sobieski, J.: Multidisciplinary Design Optimization: An
Emerging New Engineering Discipline. Presented at the Structural Optimization
93, Rio de Janeiro, Brazil, August 2-6, 1993. In Proceedings.
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Aeroelastic Analysis and OPtimization Branch

Journal Publications:

. Adelman, Howard M.; and Haftka, Raphael T.: Sensitivity Analysis of Discretely
Modeled Structures. Structural Ootimization: Status and Promise, M. Kamat, ed.
AIAA Vol. 50, Progress in Astronautics and Aeronautics, 1993, pp. 291-315.

9. Batina, J. T.: Implicit Upwind Solution Algorithms for Unstructured-Grid
Applications, AIAA Journal, Vol. 31, No. 5, May 1993, pp. 801-805.

10. Chang, K. J.; Haftka, R. T.; Giles, G. L.; and Kao, P-J.: Sensitivity-Based Scaling
for Approximating Structural Response, Journal of Aircraft, Vol. 30, No. 2, March-
April 1993, pp. 283-288.

11. Dunn, H. J." Experimental Results of Active Control on a Large Structure to
Suppress Vibration. Journal of Guidance, Control. and Dynamics, Vol. 15, No. 6,
November-December 1992, pp. 1334-1342.

12. Lee, E. M.; and Batina, J. T.: Results from a Conical Euler Methodology
Developed for Unsteady Vortical Flows, AIAA Journal, Vol. 31, No. 5, May 1993,
pp. 818-819.

13. Padula, S. L.; and Sandridge, C: Passive/Active Strut Placement by Integer
Programming, ToDoloay Design of Structur_, Bendsoe and Mota Soares, ed.
Kluwer Academic Publishers, pp. 145-156.

14. Silva, W. A.: Application of Nonlinear Systems Theory to Transonic Unsteady
Aerodynamic Responses, Journal of Aircraft, Vol. 30, No. 5, September-October
1993, pp. 660-668.

15. Walsh, J. L.; LaMarsh, W. J. II; and Adelman, H. M.: Fully Integrated
Aerodynamic/Dynamic Optimization of Helicopter Rotor Blades, Mathematical
and Computer Modelling, Vol. 18, No. 3/4, 1993, pp. 53-72.

Formal NASA Reports:

16. Adams, W.; Christhilf, D.; Waszak, M.; Mukhopadhyay, V.; and Srinathkumar, S.:
Design, Test, and Evaluation of Three Active Flutter Sppression Controllers.
NASA TM 4338, October 1992.

17. Lee-Rausch, Elizabeth M.; and Batina, John T.: Conical Euler Analysis and
Active Roll Suppression for Unsteady Vortical Flows About Rolling Delta Wings.
NASA TP 3259, March 1993.

18. Rogers, J. L. Jr.; LaMarsh, W. J. II; Hill, J. S.; and Bradley, D. E.: Applications of
a Neural Network as a Potential Aid in Predicting NTF Pump Failure. NASA TM
107667, January 1993, 11 p.
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Conference Presentations:

19. Batina, J. T.: A Gridless Euler/Navier-Stokes Solution Algorithm for Complex-
Aircraft Applications. Presented at the AIAA 31st Aerospace Sciences Meeting,
Reno, Nevada, January 11-14, 1993. AIAA Paper No. 93-0333.

20. Eldred, L. B.; Kapania, R. K.; and Barthelemy, J-F.: Sensitivity Analysis of
Aeroelastic Response of a Wing Using Piecewise Pressure Representation.
Presented at the AIAA/ASME/ASCE/AHS/ASC 34th Structures, Structural

Dynamics, and Materials Conference, LaJolla, California, April 19-22, 1993.
AIAA Paper No. 93-1645.

21. Lee-Rausch, Elizabeth M.; and Batina, John T.: Wing Flutter Boundary
Prediction Using Unsteady Euler Aerodynamic Methods. Presented at the
AIAAIASME/ASCE/AHSIASC 34th Structures, Structural Dynamics, and
Materials Conference, LaJolla, California, April 19-21, 1993. AIAA Paper No. 93-

1422. Also published as NASA TM 107732, March 1993.

22. Lee-Rausch, Elizabeth M.; and Batina, John T.: Calculation of AGARD Wing
445.6 Flutter Using Navier-Stokes Aerodynamics. Presented at the AIAA 11th
Applied Aerodynamics Conference, Monterey, California, August 9-11, 1993.
AIAA Paper No. 93-3476.

23. Rausch, R. D.; Batina, J. T.; and Yang, H. T. Y.: Spatial Adaption Procedures on
Tetrahedral Meshes for Unsteady Aerodynamic Flow Calculations. Presented at
the AIAA 31st Aerospace Sciences Meeting, Reno, Nevada, January 11-14,
1993. AIAA Paper No. 93-0670. Also published as NASA TM 107726, February

1993, 14 p.

24. Silva, Walter A.: Extension of a Nonlinear Systems Theory to General Frequency
Unsteady Transonic Aerodynamic Responses. Presented at the
AIAA/ASME/ASCE/ AHS/ASC 34th Structures, Structural Dynamics, and
Materials Conference, LaJolla, California, April 19-21, 1993. AIAA Paper No. 93-
1590.

25. Silva, Walter A.: Modeling Transonic Aerodynamic Response Using Nonlinear
Systems Theory for Use with Modern Control Theory. Presented at the NASA
LaRC Workshop on Guidance, Navigation, Control, and Dynamics for
Atmospheric Flight, March 18-19, 1993. NASA CP 10127.

26. Sleeper, R.; Keller, D.; Perry, B.; and Sandford, M.: Vertical and Lateral Gust
Components Measurements in the Transonic Dynamics Tunnel Using a Hot-Film
Anemometer with an X-Probe. Presented at the Forum on Fluid Measurements
and Instrumentation, Washington, DC, June 1993. Also published as NASA TM
107734, March 1993.

27. Whitlow, Woodrow Jr.: Research in Unsteady Aerodynamics and Computational
Aeroelasticity at the NASA Langley Research Center. Presented at the
International Forum on Aeroelasticity and Structural Dynamics 1993, Strasbourg,

France, May 24-26, 1993. In Proceedings.



Contractor Reports:

28. Carpenter, W. C.: Effect of Design Selection on Response Surface Performance.
(NAG1-1378, University of South Florida.) NASA CR-4520, June 1993, 180 p.

29. James, B. B." Multidisciplinary Optimization of a Controlled Space Structure
Using 150 Design Variables. (NAS1-19000, Lockheed Engineering Sciences
Company.) NASA CR-4502, February 1993, 20 p.

30. Jin, I. M.; and Schmit, L. A.: Control Design Variable Linking for Optimization of
Structural/Control Systems. NASA CR-4493, February 1993, 184 p.

Computer Programs:

31. Rogers, J. L. Jr.; and Hall, L. E.: DeMAID: A Design Manager's Aid for Intelligent
Decomposition (IRIS Version of DeMAID). Computer Program LAR-15099.

Aeroelasticity Branch

Journal Publications:

32. Heeg, J.; Gilbert, M. G.; Pototzky, A. S." Active Control of Aerothermoelastic
Effects for a Conceptual Hypersonic Aircraft. AIAA Journal of Aircraft, Vol. 30,
No. 4, July-August 1993, pp. 453-458.

33. Scott, R.; Pototzky, A.; Perry, B.: Computation of Maximized Gust Loads for
Nonlinear Aircraft Using Matched Filter Based Schemes. Journal of Aircraft, Vol.
30, No. 5, September-October 1993, pp. 763-768.

34. Yeager, W. T. Jr.; Mirick, P. H.; Hamouda, M-N. H.; Wilbur, M. L.; Singleton, J.
D.; Wilkie, W. K.: Rotorcraft Aeroelastic Testing in the Langley Transonic
Dynamics Tunnel. Journal of the American Helicopter Society, Vol. 38, No. 3,
July 1993, pp. 73-82.

Formal NASA Reports:

35. Dansberry, B. E.; Durham, M. H.; Bennett, R. M.; Turnock, D. L.; Silva, W. A.;
Rivera, J. A. Jr.: Physical Properties of the Benchmark Models Program
Supercritical Wing. NASA TM 4457, September 1993.

36. D'Cruz, J.: A Determination of the External Forces Required to Move the
Benchmark Active Controls Testing Model in Pure Plunge and Pure Pitch. NASA
TM 107743, July 1993.

37. Heeg, J." An Analytical and Experimental Study to Investigate Flutter
Suppression Via Piezoelectric Actuation. NASA TP 3241, March 1993.

38. Lake, R.; Izadpanah, A.; Baucom, R." Experimental and Analytical Investigation
of Dynamic Characteristics of Extension-Twist-Coupled Composite Tubular
Spars. NASA TP 3225, February 1993.
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Conference Presentations:

39.

40.

Adams, W.; Hoadley, S." ISAC - A Tool for Aeroservoelastic Modeling and
Analysis. Presented at the AIAA/ASME/ASCE/AHS/ASC 34th Structures,
Structural Dynamics, and Materials Conference, LaJolla, California, April 1993.
AIAA Paper No. 93-1421.

Cole, Stanley R.; Florance, James R.; Spain, Charles V.; and Bullock, Ellen P.:
Measured and Predicted Supersonic Divergence Conditions for a NASP-Like
Wing Model. Presented at the 1993 NASP Technology Review, Monterey,
California, April 1993. Paper No. 11. Also published in NASP CP-12079.

41.

42.

43.

Cole, Stanley R.; Florance, James R.; Thomason, Lee B.; Spain, Charles V.;
Bullock, Ellen P.: Supersonic Aeroelastic Instability Results for a NASP-Like
Wing Model. Presented at the AIAAIASME/ASCE/AHS/ASC 34th Structures,
Structural Dynamics, and Materials Conference, LaJolla, California, April 1993.
AIAA Paper No. 93-1369. Also published as NASA TM 107739, April 1993.

Dansberry, B.; Durham, M.; Bennett, R.; Rivera, J.; Turnock, D.; Silva, W.;
Wieseman, C.: Experimental Unsteady Pressures at Flutter on the Supercritical
Wing Benchmark Model. Presented at the AIAA/ASME/ASCE/AHS/ASC 34th
Structures, Structural Dynamics, and Materials Conference, LaJolla, California,

April 1993. AIAA Paper No. 93-1592.

D'Cruz, J" On the Identification of a Harmonic Force on a Viscoelastic Plate from
Response Data. Presented at the 1992 ASME Winter Annual Meeting, Anaheim,
California, November 1992.

44. Durham, M." The Benchmark Models Program - Status and Future Plans.
Presented at the Aerospace Flutter and Dynamics Council Meeting, Lancaster,
California, May 1993.

45. Heeg, J.; Miller, J.; Doggett, R.: An Experimental Study of Buffet Load Alleviation
Using Piezoelectric Actuators. Presented at the SPIE 1993 North American
Conference on Smart Structures and Materials, Albuquerque, New Mexico,

February 1993.

46. Heeg, J.; Miller, J.; Doggett, R.: Attenuation of Empennage Buffet Response
Through Active Control of Damping Using Piezoelectric Material. Presented at
the Damping '93, San Francisco, California, February 1993. Also published as
NASA TM 107736, February 1993.

47. Heeg, J.; Zeiler, T.; Pototzky, A.; Spain, V.; Engelund, W.: Aerothermoelastic
Analyses of a NASP Demonstrator Model. Presented at the 1993 NASP
Technology Review, Monterey, California, April 1993. Paper No. 128. Also
published in NASP CP-12079. Also presented at the
AIAA/ASME/ASCE/AHS/AASC 34th Structures, Structural Dynamics, and
Materials Conference, LaJolla, California, April 1993. AIAA Paper No. 93-1366.

48. Hoadley, S.; Wieseman, C.; McGraw, S.: Multiple-Function Multi-Input/Multi-

Output Digital Control and On-line Analysis. Presented at the DSP x Exposition
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and Symposium, San Jose Convention Center, San Jose, California, October
1992. Also published as NASA TM 107697, October 1992.

49. Huttsell, L. J.; Sallee, V. J.; Bullock, E. P.; Cole, S. R.: Analytical and
Experimental Panel Flutter Results. Presented at the 1993 NASP Technology
Review, Monterey, California, April 1993. Paper No. 12. Also published in NASP
CP-12079.

50. Noll, T.; Sparrow, J.; Lee, B.; Kaynes, I.; Graham, G.; Harris, T.; Austin, E.;
Donley, S.: Impact of Active Control Technology on the Structural Integrity of
Aeronautical Vehicles. Presented at the AGARD Structures and Materials Panel
Meeting, Lindau, Germany, October 4-9, 1992.

51. Paige, D.; Scott, R.; Weisshaar, T.: Composite Panel Flutter Suppression Using
Adaptive Materials. Presented at the SPIE 1993 North American Conference on
Smart Structures and Materials, Albuquerque, New Mexico, February 1993.

52. Perry, B.; Scott, R.; Pototzky, A." Update of NASA Research in Time Correlated
Gust Loads for Nonlinear Aircraft - Matched Filter Based and Stochastic
Simulation Based Methods. Presented at the Gust Specialists Meeting, LaJolla,
California, April 1993.

53. Scott, R.; Perry, B.; Pototzky, A.: Further Studies Using Matched Filter Theory
and Stochastic Simulation for Gust Loads Prediction. Presented at the
AIAA/ASME/ASCE/ AHS/ASC 34th Structures, Structural Dynamics, and
Materials Conference, LaJolla, California, April 1993. AIAA Paper No. 93-1365.
Also published as NASA TM 109010, July 1993.

54. Scott, R.; Pototzky, A.: A Method of Predicting Quasi-Steady Aerodynamics for
Hypersonic Flutter Analysis Using Steady CFD Calculations. Presented at the
1993 NASP Technology Review, Monterey, California, April 1993. Paper No.
130. Also published in NASP CP-12079.

55. Scott, R.; Pototzky, A.: A Method of Predicting Quasi-Steady Aerodynamics for
Hypersonic Flutter Analysis Using Steady CFD Calculations. Presented at the
AIAA/ ASME/ASCE/AHS/ASC 34th Structures, Structural Dynamics, and
Materials Conference, LaJolla, California, April 1993. AIAA Paper No. 93-1364.
Also published as NASA TM 109009, July 1993.

Technical Briefs:

56. Hoadley, S." Program Estimates Unsteady Aerodynamic Forces. NASA Tech
Brief LAR-14893.

57. Rivera, J. Jr.: Continuous-Surface Deformable Aeroelastic Models. NASA Tech
Brief LAR-14792.

12



Landing and Impact Dynamics Branch

Journal Publications:

58. Jackson, Karen E.; Kellas, Sotiris; and Morton, J." Scale Effects in the Response
and Failure of Fiber Reinforced Composite Laminates Loaded in Tension and in
Flexure. Journal of Comoosite Materials, Vol. 26, No. 18, 1992, pp. 2674-2705.

Conference Presentations:

59. Carden, Huey D.; and Kellas, Sotiris: Energy-Absorbing-Beam Design for
Composite Aircraft Subfloors. Presented at the AIAAJASMEIASCEIAHSIASC
34th Structural Dynamics, and Materials Conference, LaJolla, California, April 19-
21,1993. AIAA Paper No. 93-1339.

60. Daugherty, Robert H.: The Effect of Runway Surface and Braking on Shuttle
Orbiter Main Gear Tire Wear. Presented at the SAE Aerotech '92 Conference,
Anaheim, California, October 5-8, 1992. SAE Technical Paper 922035.

61. Davis, Pamela A.: F-4 Bias-Ply and Radial-Belted Tire Analysis. Presented at
the SAE Aerotech '92 Conference, Anaheim, California, October 5-8, 1992. SAE

Technical Paper 922012.

62. Davis, Pamela A.: NASA Langley's Aircraft Landing Dynamics Facility.
Presented at the 39th International Instrumentation Symposium, Albuquerque,
New Mexico, May 2-6, 1993. Paper No. 93-134, pp. 915-947.

63. Jackson, Karen; and Kellas, Sotiris: Effect of Specimen Size on the Tensile
Strength of Geometrically Scaled (+q°n/-q°n/90°2n)s Composite Laminates.
Presented at the Army Symposium on Solid Mechanics, Plymouth,
Massachusetts, August 17-19, 1993.

64. Jones, Lisa E.; and Fasanella, Edwin L.: Instrumentation and Data Acquisition
For Full-Scale Aircraft Crash Testing. Presented at the 39th International
Instrumentation Symposium, Albuquerque, New Mexico, May 2-6, 1993. In
Proceedings, pp. 903-913.

65. Kellas, Sotiris; Johnson, David; Morton, John; and Jackson, Karen: Scaling
Effects in Sublaminate-Scaled Composite Laminates. Presented at the
AIAAIASMEIASCEIAHSI ASC 34th Structures, Structural Dynamics, and
Materials Conference, LaJolla, California, April 19-21, 1993. AIAA Paper No. 93-
1513-CP.

66. Martinson, Veloria J.; Tanner, John A.; and Robinson, Martha P.: Static
Frictional Contact of the Space Shuttle Nose-Gear Tire. Presented at the Tire
Society 12th Annual Meeting and Conference on Tire Science and Technology,
University of Akron, Akron, Ohio, March 24-25, 1993.

67. Yager, Thomas J.: Friction Evaluation of Concrete Paver Blocks for Airport
Pavement Applications. Presented at the SAE Aerotech '92 Conference,
Anaheim, California, October 5-8, 1992. SAE Technical Paper 922013.
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68. Yager, Thomas J.: Aircraft Nose Gear Shimmy Studies. Presented at the SAE
Aerospace Atlantic Conference and Exposition, Dayton, Ohio, April 20-23, 1993.
SAE Technical Paper 931401.

69. Yager, Thomas J." NASA Friction Evaluation of Concrete Pavers. Presented at
the International Congress of the Precast Industry, Washington, DC, September
10-15, 1993. In Proceedings.

70. Yager, Thomas J.; Stubbs, Sandy N.; Howell, W. Edward; and Webb, Granville
L.: NASA Evaluation of Type II Chemical Depositions. Presented at SAE
Aerospace Technology Conference and Exposition, Costa Mesa, California,
September 27-30, 1993. SAE Technical Paper 932582.

Tech Briefs:

71. Carden, H. D." Unique Failure Behavior of Metal/Composite Aircraft Structural
Components Under Crash Type Loads. NASA Tech Brief LAR-14624.

72. Carden, H. D.; Boitnott, R. L.; and Fasanella, E. L.: Behavior of Composite/
Metal Aircraft Structural Elements and Components Under Crash Type Loads--
What are They Telling Us? NASA Tech Brief LAR-14623.

73. Yager, T. J.; Baldasare, P.; and Vogler, W. A.: Evaluation of Two Transport
Aircraft and Several Ground Test Vehicle Fricition Measurements Obtained for
Various Runway Surface Types and Conditions. NASA Tech Brief LAR-14570.

Contractor Reports:

74. Lavoie, J. A.; and Morton, J.: Design and Application of a Quasistatic Crush Test
Fixture for Investigating Scale Effects in Energy Absorbing Composite Plates.
NASA CR-4526, July 1993, 68 p.

Patents:

75. Stubbs, S. M.: Method and Apparatus for Cleaning Rubber Deposits for Low
Frequency Structures. U. S. Patent 5,207,110. Issued May 4, 1993.

Other Publications:

76. Kellas, Sotiris; Morton, J.; and Jackson, K.: Damage and Failure Mechanisms in
Scaled Angle-Ply Laminates. Comoosite Materials: Fatiaue and Fracture, Fourth
Volume, ASTM STP-1156, W.W. Stinchcomb and N. E. Ashbaugh, eds.,
American Society for Testing and Materials, Philadelphia, 1993.
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Soacecraft Dynamics Branch

Journal Publications:

77. Bruner, A. M.; Horta, Lucas; Juang, Jer-Nan; and Belvin, Keith: Active Vibration
Absorber for the CSI Evolutionary Model Design and Experimental Results.
Journal of Guidance. Control and Dynamics, Vol. 15, No. 5, September-October
1992, pp. 1253-1257.

78. Horta, L. G.; Phan, M. Q.; Longman, R. W.; and Sulla, J. L.: Frequency
Weighted System Identification and Linear Quadratic Controller Design. Journal
of Guidance. Control and Dynamics, Vol. 16, No. 2, March-April 1993, pp. 330-
336.

79. Horta, L. G.; Juang, J-N.; and Longman, R. W.: Discrete-Time Model Reduction
in Limited Frequency Ranges. Journal of Guidance. Control and Dynamics, Vol.
16, No. 6, November-December, 1993, pp. 1125-1130.

80. Juang, J-N.; and M. Phan: Robust Controller Designs for Second-Order Dynamic
Systems: A Virtual Passive Approach. Journal of Guidance. Control and
Dynamics, Vol. 15, No. 5, September-October 1992, pp. 1192-1198.

81. Juang, J-N.; Phan, M. Q.; Horta, L. G.; and Longman, R.W.: Identification of
Observer/Kalman Filter Markov Parameters: Theory and Experiments. Journal
of Guidance. Control. and Dynamics, Vollume 16, No. 2, March-April 1993, pp.
320-329.

82. Juang, J-N.; Wu, S-C.; Phan, M. Q.; and Longman, R.W.: Passive Dynamic
Controllers for Non-Linear Mechanical Systems. ,,19urnal of Guidance. Control
._.CL{ZY.Q._, Volumn 16, No. 5, September-October 1993, p. 845-851.

83. Juang, J.-N.; Chen, C.-W.; Phan, M.: Estimation of Kalman Filter Gain from
Output Residuals. Journal of Guidance. Control and Dynamics, Voilume 16, No.
5, September-October, 1993, pp. 903-908.

84. Pappa, R. S.; Elliott, K. B.; and Schenk, A: Consistent-Mode Indicator for the
Eigensystem Realization Algorithm. Journal of Guidance. Control and
_, Volumn 16, No. 5, September-October, 1993, pp. 852-858.

85. Scott, M. A.; Gilbert, M. g.; Demeo, M. E.: Active Vibration Damping of the
Shuttle Remote Manipulator System. Journal of Guidance. Controls. and
_, Volume 16, No. 2, March-April 1993, pp. 275-280.

86. Zeiler, T. A.; and Gilbert, M. G.: Integrated Control/Structure Optimization by
Multilevel Decomposition. Journal of Structural Optimization. Volume, 6, No. 2,
August 1993, pp. 99-107.

Formal NASA Reports:

87. Anderson, M. S.; and Belvin, W. K.: Exact Methods for Modal Transient
Response Analysis Including Feedback Control. NASA TP 3317, May 1993.
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88. Kvaternik, R. G. (Compiler): A Government/Industry Summary of the Design
Analysis Methods for Vibration DAMVIBS Program. NASA CP-10114, January
1993.

89. Phan, M.; Juang, J-N.; and Hyland, D. C.: On Neural Networks in Identification
and Control of Dynamic Systems. NASA TM 107702, June 1993.

90. Schenk, A; and Pappa, R.: Rigid Body Mode Identification of the PAH-2
Helicopter Using the Eigensystem Realization Algorithm. NASA TM 107690,
October 1992.

91. Su, T-J.; and Juang, J-N.: Decentralized Control of Large Flexible Structures by
Joint Decoupling. NASA TM 107694,October 1992.

92. Su, T-J.; and Juang, J-N.: Identifiability of Linear Systems in Physical
Coordinates. NASA TM 107695, October 1992.

93. Lee-Glauser, G.; Juang, J-N.; and Sulla, J.: Optimal Active Vibration Absorber:
Design and Experimental Results. NASA TM 107709, December 1992.

Conference Presentations:

94. Belvin, W. K.; Maghami, P. G.; Tanner, C.; Kenny, S. P.; and Cooley, V. M.:
Evaluation of CSI Enhancements for Jitter Reduction on the EOS AM-1

Observatory. Presented at the Ninth VPI & SU Symposium on Dynamics and
Control of Large Structures, Blacksburg, Virginia, May 10-12, 1993. In
proceedings.

95. Cooley, V. M.: Estimating Free-Body Modal Parameters from Tests of a
Constrained Structure. Presented at the AIAA/ASME/ASCE/AHS/ASC 34th
Structures, Structural Dynamics, and Materials Conference, LaJolla, California,
April 19-21, 1993. AIAA Paper No. 93-1603.

96. Cooper, P. A.; and Stockwell, A. E.: Space Station/Orbiter Berthing Dynamics
During an Assembly Flight. Presented at the MSC World Users' Conference,
Arlington Virginia, May 24-28, 1993. In Proceedings.

97. Demeo, M. E.; Gilbert, M. G.; Lepanto, J. A.; Bains, E. M.; Jensen, M.C.: Human-
in-The-Loop Evaluation of RMS Active Damping Augmentation. Presented at the
AIAA Guidance, Navigation and Control Conference, Monterey, California,
August 2-4, 1993. AIAA Paper No. 93-3875.

98. Hasselman, T. K.; Chrostowski, J. D.; and Pappa, R.: Attempted Estimation of a
Full Modal Damping Matrix from Complex Test Modes. Presented at the
AIAA/ASME/ASCE/ AHS/ASC 34th Structures, Structural Dynamics, and
Materials Conference, LaJolla, California, April 19-21, 1993. AIAA Paper No. 93-
1668, pp. 3388-3398.

99. Horta, L. G.; and Juang, J-N.: Frequency Domain System Identification: Matrix
Fraction Description Approach. Presented at the AIAA Guidance Navigation and
Control Conference, Monterey, California, August 9-11, 1993. AIAA Paper No.
93-3839.
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100. Horta, L. G.: Controls-Structures Interaction Program at NASA Langley
Research Center: An Overview. Presented at the 6th SHPE Region IV Annual
Eastern Technical Career Conference, Washington, DC, November 12-14, 1992.

101. Javeed, M.; Edighoffer, H. H.; and McGowan, P. E.: Correlation of Ground Tests
and Analyses of a Dynamically Scaled Space Station Model Configuration.
Presented at the AIAA/ASME/ASCE/AHS/ASC 34th Structures, Structural
Dynamics, and Materials Conference, LaJolla, California, April 19-22, 1993.
AIAA Paper No. 93-1604. Also published as NASA TM 107729, May 1993.

102. Juang, J-N.: An Overview of Recent Advances in System Identification.
Presented at the AIAA/ASME/ASCE/AHS/ASC 34th Structures, Structura

Dynamics, and Materials Conference, LaJolla, California, April 19-21, 1993.
AIAA Paper No. 93-1664.

103. Juang, J-N.; Phan, M.: Linear System Identification Via Backward-Time
Observer Models. Presented at the AIAA Guidance Navigation and Control

Conference, Monterey, California, August 9-11,1993. AIAA Paper No. 93-3838.

104. Kvaternik, R. G.; and Hanks, B. R.: Research on the Structural Dynamics
Verification of Flexible Spacecraft. Presented at the 14th Aerospace Testing
Seminar, Manhatten Beach, California, March 9-11,1993. In Proceedings.

105. Reaves, M. C.; Elliott, K. B.; Bailey, J. P.; and Gregory, J. W.: Finite Element
Analysis and Ground Testing of Controls-Structures Integration Evolutionary
Model Reflector. Presented at the 11th International Modal Analysis Conference
and Exposition, Kissimmee, Florida, February 1-4, 1993. In Proceedings, pp.
987-993.

106. Su, T. J.; and Juang, J-N.: Substructure System Identification and Synthesis.
Presented at the AIAA/ASME/ASCE/AHS/ASC 34th Structures, Structural

Dynamics, and Materials Conference, LaJolla, California, April 19-21, 1993.
AIAA Paper No. 93-1649-CP.

Contractor Reports:

107. Papadopoulos, M.; and Tolson, R. H.: System Identification for Space Station
Freedom Using Observer/Kalman Filter Markov Parameters. NASA CR 191521,
August 1993.

Tech Briefs:

108. McGowan, P. E.; and Smith, S. W.: Locating Damaged Members in a Truss
Structure Using Modal Data. NASA Tech Brief LAR-14407, July 1993, pp. 68-69.

Patents:

109. Chew, M-S.; Juang, J-N.; and Yang, L-F.: Suspension Device for Low Frequency
Structures. U. S. Patent 5,207,110. Issued May 4, 1993.
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F. Y. 1994 PLANS

Aeroelastic Anal,vsis and Optimization BranCh
(Page 82)

Figure 34 outlines the F. Y. 1994 plans for the Aeroelastic Analysis and
Optimization Branch (AAOB). Researchers will continue to support the Benchmark
Models Program (BMP). This includes continuing the role of lead organization for the
rigid High Speed Civil Transport (HSCT) model and designing a modified pitch-and-
plunge apparatus mount system, continuing the lead role for a model with NACA

64A010 airfoil sections, and providing support for testing other models and analyzing
the resulting data. Other support of the BMP will be to characterize the turbulence in
the Transonic Dynamics Tunnel; this is necessary for design of control systems for the
Benchmark Active Controls Technology model. In the area of aeroelastic analysis
methods development, AAOB researchers plan to develop a gridless computational fluid
dynamics method for aeroelastic predictions, and a method for incorporating nonlinear
aerodynamics in aeroservoelastic analysis and design will be developed. Development
of methods to interact boundary layer methods with inviscid flow codes will continue,
and such methods will be applied to cases of transonic limit cycle oscillations.

In the area of rotorcraft optimization, automatic differentiation will be coupled with
analysis methods to perform sensitivity analysis of helicopter rotor blade performance
for hovering vehicles. Acoustics effects will be included in the optimization of rotor
blade performance, and a procedure to minimize the effects of uncertainties in loads
and properties will be developed.

In the area of the aircraft optimization, an integrated design problem for an HSCT
configuration will be formulated. This research area also supports the High
Performance Computing and Communication Program (HPCCP), and the branch will
develop methods for enhancing the Framework for Interdisciplinary Design Optimization
system that is part of the HPCCP. A method for computing flutter speed sensitivity to
structural and shape variables has been under development, and it will be demonstrated
in F. Y. 1994. The AAOB program will support the development of a method for
integrated design of a structure-control system to minimize sensitivity to uncertainties.

Aeroelasticit_v Branch
(Page 83)

Figure 35 lists the major tasks being pursued by the Aeroelasticity Branch (AB) in
F.Y. 1994. A wide variety of aeroelastic tests for many customers are planned for the
Transonic Dynamics Tunnel (TDT). Over the course of the year TDT tests will support
the Department of Defense, the National Aerospace Plane (NASP) and High Speed
Civil Transport (HSCT) projects, and the U.S. business jet industry, as well as
supporting a cooperative program with the Massachusetts Institute of Technology and
in-house research programs. The in-house programs include the Benchmark Models
Program and rotorcraft aeroelasticity research using the Aeroelastic Rotor Experimental
System (ARES) testbed.

F.Y. 1994 plans also include the refurbishment of two aeroelastic wind-tunnel

models for eventual testing in the TDT in support of two focussed programs: HSCT and
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ST(CT). The first is a full-span flexible model of a supersonic transport configuration;
the second, an aeroelastic model of the V-22 tiltrotor configuration.

There are plans underway to convert the TDT to an alternate heavy gas and to
begin implementation of the next generation UNiX-based ModComp data acquisition
system.

Landing and Imoact Dynamics Branch
Page (84)

During F. Y. 1994 a major focused technology activity in the area of landing
dynamics will be the development of advanced active control landing gear concepts for
HSCT applications. Components of this activity include in-house research on a smart
orifice concept using F-106 landing gear hardware using the newly acquired "runway
simulator" shaker table, grant activities to study the chemical characteristics of
electrorheological fluids and to develop an electrorheological damper concept for
possible applications to active control landing gear technology, and a contract activity to
develop analysis tools for active control landing gear studies. The smooth runway
testing of the H-Type 46 x 18-20 bias-ply and radial belted aircraft tires on ALDF,
requested by airframe manufacturers will be completed this year. Tire footprint force
measurements on various tire sizes will be conducted using two Tire Footprint Force
Transducers. Additional testing on ALDF will evaluate the friction characteristics of
bias-ply and radial-belted F-4 main gear tires, define the friction characteristics of
several paver block concepts, and investigate the friction performance of various tire
sizes and constructions on grooved concrete surfaces. The branch tire modeling
activities will continue with the development of advanced frictional contact algorithms. A
new study of the characteristics of pavement surfaces using fractical geometry concepts
will be initiated this year as a grant activity.

The major focused technology activity in the impact dynamics area is associated
with the Advanced Composite Technology (ACT) Program. In this area a task
assignment contract will provide composite test specimens for nondestructive and crash
tests. A new initiative in general aviation crash dynamics is planned. A design support
test effort will be completed to provide an energy absorbing general aviation subfloor
concept. The concept will be fabricated and installed in a fuselage section and
eventually in a Lear Fan airplane. Strength scaling studies of composite structures
using a ply scaling approach and failure studies with composite fuselage frames will be
completed. Full-scale testing of helicopter inflated head and body restraint systems,
external fuel systems, and F-111 crew capsule are planned for the Impact Dynamics
Research Facility. Figure 36 lists the areas of continuing research activities in landing
dynamics and impact dynamics research for F. Y. 1994.

Spacecraft Dynamics Branch
(Page 86)

For F. Y. 1994, the Spacecraft Dynamics Branch will develop structural dynamics
and controls related technology for earth observation and planetary spacecraft.
Emphasis will be on an instrument-pointing-jitter risk reduction experiment set for EOS
AM-1 and collaborating Controls-Structures Integration (CSI) laboratory experiments.
The primary effort, in conjunction with the EOS Project Office at the Goddard Space
Flight Center and the EOS AM-1 prime contractor, will provide the flight controller with
options to increase the jitter suppression capability of the spacecraft using ground-
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verified technologies which extend standard flight practice. Key among the experiment
objectives is the definition of a flight measurements system to obtain data for identifying
mathematical models of the actual on-orbit spacecraft dynamics. The identified models
can then be used to update control laws as needed for performance improvement. In a
related task, EOS AM-1 software augmentation by a back-up system to enable
implementing multivariable control techniques in state-space form will also be
investigated, and advanced stochastic control laws will be developed for possible flight
evaluation, if feasible. The CSI Phase-3 Evolutionary Model will be installed in the
Space Structures Research Laboratory and used to validate controls-structure
integration methods addressing multi-sensor pointing issues. The Phase-3 Model will
be a reconfiguration of existing structural hardware to simulate principal dynamic
characteristics of the EOS AM-1 Spacecraft augmented by pointing gimbals and optical
scoring system for science instrument pointing emulation.

Other planned spacecraft structural dynamics technology activities for F. Y. 1994
include participation in a multi-disciplinary integrated structures design trade study for
the miniaturization of spacecraft launch mass and volume. Public release is planned for
the previously developed System Observer Controller Identification Toolbox (SOCIT).
The software, for the identification of mathematical models from measured dynamic
data, is configured as a MATLAB toolbox and operates on desktop computers. A new
large motion suspension device which allows limited three-dimensional motion of test
articles in dynamic ground tests will be evaluated in the laboratory. An earth-based
version of a variable geometry space truss is planned as a joint activity with DOE. The
earth-based version is targeted for nuclear waste clean-up.

CONCLUDING REMARKS

This publication documents the F. Y. 1993 accomplishments, research, and
technology highlights and F. Y. 1994 plans for the Structural Dynamics Division.
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